Abstract. The exposure to nanomaterials can yield changes in the mineral composition of tissues which may have long term health repercussions. In this study, the changes in mineral composition of rat lungs, exposed to a nanoaerosol of silicon carbide (SiC), has been studied by means of global and local ion beam probes with the Particle-Induced X-ray Emission (PIXE) technique, measuring the whole lung contents and selected areas where SiC was found, respectively. It was found that from a global perspective there is a small decrease in the mineral contents (phosphorous, sulphur, chlorine and potassium) of the lung except for Ca, while locally these mineral contents tend fluctuate.
Introduction
Nanosafety and nanotoxicology studies focus mainly in the impact of nanomaterials (NMs) through the analysis of biomarkers and, when possible, the quantification of the NM dose within the target such as tissues or cells [1] [2] [3] . One aspect often overlooked in these studies is the fact that the presence of an external agent in the media environment can cause alterations to the same media which may result in an increase or decrease of the media contents, such as proteins or minerals, and hence have an impact on the composition of the target. For example, recent in vivo studies with silicon carbide (SiC) and titanium carbide (TiC) NMs in oral administration have shown a perturbation of the mineral absorption within the gastrointestinal tract [1, 4] .
In this study the impact of a SiC nanoaerosol on the composition of rat lungs is investigated. SiC was selected as a model NM due to its extensive industrial usage [5] . The mineral composition of rat lungs exposed to SiC was quantified by Particle-Induced X-ray Emission (PIXE) from two perspectives: using a broad beam (PIXE analysis) to quantify the lung overall mineral contents, and using a micro beam (µPIXE analysis) to quantify the lung mineral contents in areas around SiC deposition. Rats were sacrificed at 0, 3, 7, or 28 days after exposure, and their lungs were excised after a heart lavage.
Materials and methods

Animals
Exposure
Silicon carbide (SiC) NPs were bought from Io-Li-Tec. No trace of endotoxins was found and it was used without further treatment for nanoaerosol production.
Rats were exposed in a Whole-Body Exposure Model based on the Organisation for Economic Cooperation and Development (OECD) guideline 403, as described by Laloy et al. [6] . Rats were exposed 6 h a day during 5 consecutive days to a SiC nanoaerosol diluted at 2.5x10 5 particles/cm 3 . The control group was exposed to the same filtered air used to produce the nanoaerosol.
Sample preparation
For broad beam measurement, rat lungs were dried 48 hours at 37 °C and prepared into pellets following a well-established protocol for high volume analysis [2] .
For micro beam measurement, rat lungs were frozen in liquid nitrogen and sections of 6 x 6 mm 2 and 10 µm thick were obtained with a cryostat microtome. The sections were placed on polypropylene films fixed to aluminium holders and were left to dry at ambient conditions without any further treatment.
Ion beam analysis
Samples were chemically quantified with a broad beam (few mm 2 ) at the Laboratory of Analyses by Nuclear Reaction (LARN) of the Physics of Matter and Radiation Unit of the University of Namur, and with a micro beam (few µm 2 ) at the Surrey Ion Beam Centre. The Particle-Induced X-ray Emission (PIXE) and Rutherford Back-Scattering (RBS) techniques were used to measure heavy elements (i.e. Si & Ca) and light elements (i.e. C & O), respectively. The principles of PIXE and RBS have been described elsewhere [2] . The techniques PIXE and RBS are called as such for broad beam analysis, while the "µ" prefix is added for micro beam analysis, hence µPIXE and µRBS. RBS (µRBS) data was used to adjust the matrix for PIXE (µPIXE) analysis. The measurement geometry for broad beam has been described previously [1] , and used a 2.0 or 2.5 MeV proton beam in this study. The geometry for the micro beam has been described previously [7] , and used a 2.5 MeV proton beam in this study.
Statistical analysis
Data was analyzed using the Holm-Sidak method (two way ANOVA). The statistical significance was compared between the control and exposed samples, dividing the significant results in p<0.05, p<0.01, and p<0.001.
Three samples (n=3) per exposure condition were measured with broad beam. Eight (n=8) scans were done per exposure condition and four (n=4) scans were done per control condition were measured with micro beam.
Mineral concentrations are presented as the weighted mean concentration with error bars representing 1 standard deviation of the weighted mean. Ratios between exposed and control samples use an error bar taking into account the propagation of errors from both samples. The mineral concentration found in the rat lungs is presented in Table 1 for PIXE measurements and  Table 2 for µPIXE measurements. In the case of PIXE measurement the mineral concentration change is easier to observe for rats sacrificed at day 28: phosphorous (P), sulfur (S), chloride (Cl) and potassium (K) show a lower content with respect to their respective controls; while Ca showed a statistically significant increase with respect to the control. The results are summarized in Figure 1a . The study of mineral composition variations is motivated by extracting more knowledge about the possible changes to key minerals such as Ca and P, whose ions control many of the cellular processes [8, 9] , or electrical impulse conduction from ions of K in the neuron function [10] , the regulation of osmotic pressue and acid-base balance by Cl [11] , and the role of disulfide bonds in protein assemble and structure [12] .
There is a difference between the statistically significant mineral changes in terms of concentration and days found in PIXE and µPIXE measurements. This difference reflects the type of sample being measured and hence the point of view obtained by each type of measurement: with PIXE the measured sample represents the whole lung, pulverized and made into a pellet, and therefore it reflects a global value on the total lung mineral composition. Taking into account that SiC likely remains inside the lung as observed due to the lack of impact on plasma analysis and the low levels of induced inflammation [6] , most of the mineral changes, if any, should occur in the lung alveolar sac and as such any mineral composition should be relatively less evident than in the vicinity of the NM localization. On the other hand, µPIXE measurements were done on sections where SiC was found and as such it reflects a local perspective of the exposure, hence reflecting more statistical significant changes in the mineral composition. Indeed this is the case for the mineral concentration in P, S and K. From both perspectives it is judged that locally the alveolar sacs, due to the limited inflammation process, experience a depletion of minerals (7 days) which then overcompensates with higher concentrations (28 days), while as a whole the lung is effectively experiencing a decrease in minerals.
Summary
The mineral concentration of rat lungs exposed to an acute SiC nanoaerosol was investigated by PIXE and studied from the global lung mineral composition and local lung sections exposed directly to SiC, using a broad beam and a micro beam, respectively. While globally there is a slight decrease in mineral composition, local lung sections show a fluctuation of minerals.
